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(57) Abstract 

The invention relates to a method and iq)params for growing a thin film onto a substrate, in which method a substrate placed in a 
reaction space (21) is subjected to alternately repeated surface reactions of at least two vapor-phasc reactants for the purpose of forming 
a thin film. AcconJing to the method, said reactants arc fed in the forai of vapor-phase pulses repeatedly and alternately, each rcactant 
separately from its own source, imo said reaction space (21), and said vapor-phase reactants are brought to react with die surface of the 
substrate for the purpose of forming a solid-state tiiin film compound on said substrate. According to the invention, die gas volume of said 
reaction space is evacuated by means of a vacuum pump essentially totally between two successive vapor-phase rcactant pulses. By vutue 
of transpOTting die different starting material species at different times durough die apparatus effectively isolates the starting matenals from 
each odKr thus preventing their premanire mutual reactions. 
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Method and apparatus for growing thin films 

The present invcnlion relates to a method according to the preamble of claim 1 for 
growing thin films on a substrate. 

5 ■ ■ • 

In the present method, the substrate is typically located in a reaction space, 
wherein it in accordance with the Atomic Layer Epitaxy (ALE) method is subject- 
ed to aliemately repeated surface reactions of at least two different leactants. 
According to the present method, the reactants are admitted repetitively and altcr- 

10 nately each rcactant at a lime from its own source in the form of vapor-phase 

pulses into the reaction space. Here, the vapor-phase reactants are allowed to react 
with the substrate surface for the purpose of forming a solid-state thin film on the 
substrate. 

15 While the method is most appropriately suited for producing so-called compound 
thin films using as the reactants such starting materials that contain component 
elements of the desired compound thin-film, it may also be applied to growing 
elemental thin films. Of compound films typically used in the art, reference can be 
made to ZnS films employed in clcclroluminesccni displays, whereby such films 

20 are grown on a glass substrate using zinc sulfide and hydrogen sulfide as the 

reactants in the growth priKcss. Of elemental thin films, reference can be made to 
silicon thin films. 

The invention also concerns an apparatus according to the preamble of claim 15 
25 suited for producing thin films. 

The apparatus comprises a reaction space into which the substrate can be placed, 
and at least two rcactant sources from which the reactants used in the thin-film 
growth process can be fed in the form of vapor-phase pulses into the reaction 
30 space. The sources are connected lo the reaction space via rcactant inflow 

channels, and outflow channels arc connected to the reaction space for removing 
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the gaseous reaction products of the thin-film growth process as well as the excess 
reactants in vapor phase. 

Conventionally, thin-lllms arc grown using vacuum evaporation deposition, the 
Molecular Beam Epitaxy (MBE) and other vacuum deposition methods, different 
variants of the Chemical Vapor Deposition (CVD) method (including low-pressure 
and metal-organic CVD and plasma-enhanced CVD), or alternatively, the above- 
described deposition method of alternately repeated surface reactions called the 
Atomic Layer Epitaxy (ALE) mcihod. In the MBE and CVD methods, besides 
other process variables, the thin-film growth rate is also affected by the concentra- 
tions of the starting material inllows. To achieve a uniform thickness of the layers 
deposited by the first category of conventional methods, the concentrations and 
reactivities of starting materials must hence be carefully kept constant all over the 
substrate area. If the starting materials are allowed to mix with each other prior to 
reaching the substrate surface as is the case in the CVD method, for instance, a 
chance of their premature mutual reaction arises. Then, the risk of micioparticie 
formatioh already within the inflow channels of the gaseous reactants is imminent. 
Such microparticlcs have a deteriorating effect on the quality of the thin film 
growth. Therefore, the possibility of premature reactions in MBE and CVD 
reactors is avoided by heating the starting materials ho earlier than at the substrate 
surfaces. In addition to heating, the desired reaction can be initiated using, e.g., a 
plasma or other similar activating means. 

In the MBE and CVD processes, the growth of thin films is primarily adjusted by 
controlling the inflow rates of starting materials impinging on the substrate. By 
contrast, the ALE process is based on allowing the substrate surface qualities 
rather than the starting material ainccntrations or flow variables to control the 
deposition rate. The only prerequisite in the ALE process is that the starting 
material is available in sufficient concentration for thin-film formation on all sides 
of the substrate. 
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The ALE method Is dewaribed in ihc Fl patent publications 52,359 and 57,975 and 
in the US patent publications 4,058,430 and 4,389,973, in which also some appa- 
ratus embodiments suited to imptemcnt this method are disclosed. Apparatus con- 
stnictions for growing thin films arc also to be found in the following publica- 
5 tions: Material Science Reports 4(7) (1989), p. 261, and lyhjiStckniikka (Finnish 
publication for vacuum techniques), ISBN 951-794^22-5, pp. 253-261. 

In the ALE growth method, atoms or molecules are arranged to sweep over the 
substrates thus continuously impinging on their surface so that a fully saturated 

10 molecular layer is formed thereon. According to the conventional techniques 

known frpm the FI patent publicsuion No. 57,975^ the saturation step is followed 
by an inert gas pulse forming a diffusion barrier which sweeps away the excess 
starting material and the gaseous reaction products from above the substratie. The 
successive puLses of differbnt starting materials and of diffusion barriers of an 

15 inert gas separating ihc former accomplish the growth of the thin film at a rate 
controlled by -lhe surface chemistry properties of the different materials. Such a 
reactor is called a "traveling-wave" reactor. For the function of the process it is 
irrelevant whether the gases or the substrates are moved, but rather, it is 
imperative that the different starting materials of the successive reaction steps are 

20 separated from each other and arranged to impinge on the substrate successively. 

Most vacuum evaporators operate on the so-called "single-shot" principle. Herein, 
a vaporized atom or molecule species can impinge on the substrate only once. If 
no reaction of the species with the substrate surface occurs, the species is bounced 

25 or re-vaporized so as to hit the apparatus walls or the inlet to the vacuum pump 

undergoing condensation therein. In hot-wall reactors, an atom or molecule species 
impinging on the reactor wall or the substrate may become re-vaporized, whereby 
advantageous conditions arc created for repealed impingements of the species on 
the substrate. When applied to ALE reactors, this "multi-shot" principle can 

30 provide, i.a., improved material utilization efficiency. 
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In conventional ALE apparatuses, a characterizing property is that the different 
starting materials of the reaction arc understood to be isolated from each other by 
means of a diffusion wall formed by an inert gas zone traveling between two sue- 
cessive pulses of starting materials (cf. above-cited FI patent publication No* 
57,975 and the corresponding US Pat. No. 4,389,973). The length of the in^ gas 
zone acting as the downstream flowing diffusion wall is such that only appiox. 
one millionth of the reactant gas molecules have a sufficient diffusion velocity to 
travel under the prevailing conditions in the counterflow direction to a distance 
greater than the thickness of the isolating diffusion wall employed in the method. 

However, notwithstanding the high reliability of the abovenlescribcd arrangement, 
it has some disadvantages. For instance, the cross sections and shapes of piping in 
practical reactor constructions vary between, e.g., the infeed manifold and the sub- 
strates, whereby the thickness and shape of the diffusion wall become difBcult to • 
control and the starting rhateirials msjy become carried over into contact with each 
other. The diffasion wall may also become destroyed in the nozzles feeding the. 
vapor-phase reactant to the substrates, in gas mixers or at other discontinuity 
points of the piping. The laminarity of gas inflow may also become disturbed by a 
too tight bend in the piping. 

Intermixing of starting materials in flow systems cannot be prevented simply by 
keeping the gas volumes apart from each other, because mixing may also occur 
due to adherence of molecules from a starting material pulse on the apparatus 
walls or discontinuities thereof, wherefrom the molecules may then gain access 
with the molecules of the successive starting material pulse. 

It is an object of the present invention to overcome the drawbacks of conventional 
technology and to provide an entirely novel arrangement for growing thin films. 

The goal of the invention Ls achieved by virtue of admitting vapor-phase pulses of 
the starting material rcactants into the ALE reactor so that each starting material 
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pulse is individually driven through the piping and reaction space of the apparatus 
isolated from the other pulses. According to the invention, this concept is imple- 
mented by means of puiging the gas volume of the reaction space containing 
reactive gas between two successive vapor-phase pulses essentially cntirelx which 
5 means a puiging efficiency of at least 99 %, preferably 99.99 %. Thence, all the 
reacting gas, which in practice refers to the entire gas volume filled with the 
vapor-phase reactant, is puiged from the reaction space between the successive 
pulses. The reactant pulses of different starting materials will thus remain isolated 
from each othei; whereby no mixing of the reactants can occur 

10 

In the apparatus suited to implement the method, the outflow channels are con- 
nected to a pump capable of evacuating the reaction space to a vacuum, whereby 
the pump capacity is dimensioned sufficiently high to permit full evacuation of a 
volumetric amount of gas corresponding to the gas volume of the reaction space 
15 out from the reaction space during the interval between two successive vapor- 
phase reactant pulses. Accordingly the pump must have a volumetric flow capaci- 
ty per time unit, advantageously over the interval between two successive vapor- 
phase reactant pulses, that is greater than the gas volume of the reaction space. 

20 More specifically the method according to the invention is principally 
characterized by what is stated in the characterizing part of claim 1. 

Furthermore, the apparatus according to the invention is principally characterized 
by what is stated in the characterizing part of claim IS. 

25 

In the context of the present invention, the term "evacuation" is used generally 
referring to the removal of reactant residues in the vapor phase. The evacuation of 
the reaction space can be accomplished by puiging the gas volume of the appara- 
tus by means of at least one pumping cycle capable of lowering the internal 
30 pressure in the apparatus to a sufficiently high vacuum. When required, the appa- 



wo 96/17107 



6 



PCT/F19»006S8 



ratus may be simultaneoasly filled with an inactive gas which promotes the 
purging of the reactant residues from the reaction space. 

In the present context, the term "inactive" gas is used to refer to a gas which is 
5 admitted into the' reaction space and is capable of preventing undesired reactions 
related to the reactants and the substrate, respectively. Such reactions include the 
reactions of the reactants and the substrate with possible impurities, for instance. 
The inactive gas also serves for preventing reactions between the substances of the 
different reactant groups in, e.g., the inflow piping. In the method according to the 
10 invention, the inactive gas is also used advantageously as the carrier gas of the 
vapor-phase pulses of Ihc rcactanls. According lo a preferred embodiment, in 
which the reactants of the different reactant jgroups are admitted via separate inlet 
manifolds into the reaction space, the vapor-phase reactant pulse is admitted from 
one inflow channel while the inactive gas is admitted from another inflow channel 
15 thus preventing admitted reactant from entering the inflow channel of another 

reactant. Of inactive gases suited for use in the method, reference can be made to 
inert gases such as nitrogen gas and noble gases, e.g., argon. The inactive gas may 
also be an inherently reactive gas such as hydrogen gas serving to prevent undesir- 
able reactions (e.g., oxidization reactions) from occurring on the substrate surface. 

20 

According to the invention, the term reaction space" includes both the space in 
which the substrate is l(x:atcd and in which the vapor-phase reactants are allowed 
to react with the substrate in order lo grow thin Films (namely, the reaction 
chamber) as well as the gas inflow/outflow channels communicating immediately 

25 with the reaction chamber, said channels scrying for admitting the reactants into 
the reaction chamber (inflow channels) or removing the gaseous reaction products 
of the thin-film growth process and excess reactants from the reaction chamber 
(outflow channels). According to the a)nstruction of the embodiment, the number 
of the inflow and outflow channels, respectively, can be varied from one upward. 

30 According to the invention, the reaction space is the entire volume to be evacuated 
between two successive vapor-phasc pulses. 
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In the present context, the term "rcaclant" refers to a vaporizable material capable . 
of reacting with the substrate surface. In the ALE method, reactants belonging in 
two different groups are conventionally employed. The reactants may be solids, 
liquids or gases. The term "meUllic reactants" is used of metallic compounds 

5 which may even be elemental metals. Suitable metallic reactants are the hak>- 
gcnldes of metals including chlorides and bromides, for instance, and metal- 
organic compounds such as the ihd wmplex compounds. As examples of metallic 
reactants may be memioncd Zn, ZnClj, T1CI4, Ca(thd)2, (CH3)3AI and CpjMg. 
The term "nonmctaliic rcacianus" is ascd for compounds and elements capable of 

10 reacting with metallic a>mpounds. The latter group is appropriately represented by 
water, sulfur, hydrogen sulfide and ammonia. 

Herein, the term "substrate surface" is used to denote that top surface of the 
.substrate on which the vapor-phase reactant flowing into the reaction chamber first 
15 impinges. In practice, said .surface during the first cycle of the thin-fitaa growing 
process is constituted by the surface of the substrate such as glass, for instance; 
during the second cycle the surface is a>n.stiiuted by the layer comprising the 
.solid-.statc reaction product which i.s deposited by the reaction between the 
reactants and is adhered to the .substrate, etc. 

20 

As menUoned above, in a practical embodiment the vapor-phase reactants are con- 
ventionally driven by a carrier gas flow into the reaction chamber and further 
through it. Therefore, the vapor-phasc reactant obtained from a source is mixed 
with the inert gas flow at .some point of the apparatus. In the present embodiment, 
25 the term "reaction space gas flow channels" also includes that section of the reac- 
tant inflow pipes which is located after the control valves of the inactive gas flow. 

A characterizing property of ihc present invention is that the different surting 
materials are not allowed to How simultaneously in the piping or reactor (reaction 
30 space), but rather, the piping and reaction space arc evacuated from the contents 
of the preceding vapor-phase pulse prior to the admission of the next vapor-phase 
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pulse. Advantageously, ihc interval between the successive pulses is kept so long 
as to permit the evacuation of the reaction space using at least a double or triple 
purging gas volume during the interval between the pulses. To achieve maximally 
efHcient evacuation of reactant residues, the reaction space is purged with an 
inactive gas during the interval between the reactant pulses. and the total volume 
of gas evacuated from the reaction space during the interval between the reactant 
puLses amounts to at least 2-10 times the volume of the reaction space. A design 
target value of less than 1 %, advantageously less than 1 %o, of residual compo- 
nents of the preceding vapor-phase reactant pulse remaining at the infeed of the 
next pulse can be set for the evacuation efficiency. Operation according to the 
invention can easily reach a situation in which the reaction space is purged to less 
than 1 ppm of reactant residues from the preceding pulse. 

According to the present method, evacuation is most advantageously implemented 
by connecting the reaction space to a pump whose volumetric capacity during the 
interval between two successive yapor-phase reactant pulses is appreciably greater 
than the'gas volume of the reaction space. As the interval between two successive 
reactant gas pulses typically is in the order of 1 s, this requirement can be met by 
connecting such a pump to the reaction space that has a capacity sufficient to 
evacuate during said interval a volumciric amount of gas which is advantageously 
at least 2-3 times, and particularly advantageously 4 • 10 times the volume of 
the reaction space. 

The invention can be implemented using any suitable pump capable of establish- 
ing a sufficient vacuum in the reaction space and having a sufiTicient capacity. 
Examples of suitable pump types arc: rotary vacuum pump, Roots' blower and 
turbo pump. 

To achieve efficient evacuation, the apparatus according to the invention has a 
design characterized by minimized volumes and piping cross sections implemented 
in a construction with minimized number of seams. The piping layout aims to 
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avoid any slructuics which a>uld disturb the laminarity of the flow pattern or act 
Bs difficult-to^purgc gas pockets. 

In conventional equipment constructions the above-described goals are difficult to 
5 achieve, since gas volumes in the equipment are relatively large in relation to the 
volume occupied by the products and the gas flow occur via complicated paths. 
Obviously, a mere diffusion wall cannot purge all gas pockets contained thmin. 
The problems are accentuated in equipment designed for simultaneous thin film 
growth on multiple substrates. 

10 

The present invention disclascs a plurality ol special properties contributing to the 
minimization of apparatus gas volume and the formation tendency of spalling 
films (microparticles). Simultaneously, the invention provides a particularly 
advantageous embodiment' of an apparatus suited for simultaneous deposition of 
15 thin films on two or more substrates. 

• ' *• * . • * 

An advantageous approach to reduce equipment contamination is to feed each 

reactant group via a separate inflow channel directly into the reaction chamber. 

Preferably, the reactant is allowed lo become mixed with. a carrier gas flow enter- 

20 ing from the inflow channel of another reactant group prior to contacting the 

reactant with the substrate. The purpose of such mixing is to homogenize the gas 

flow passing over the substrate. 

The above-described embixlimcnt is particularly well siiited for thin-film growth 
25 processes using at least two compound component reactants. The exit ends of the 
inflow channels of the different reactant groups, later in the text called the reactant 
"infeed openings", are adapted to exit into the reaction chamber, close to the sub- 
strates of the thin film structures. Between the infeed openings is herein disposed 
a baffle which prevents the reactant inflow from one infeed opening from entering 
30 directly the infeed opening of another reactant belonging to a different reactant 

group. To eliminate the risk of reactant contamination, a carrier gas flow is hereby 
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particularly advanlagcously driven Ihrough lhal inflow channel or channels which 
is/arc currently not used Tor the inlccd of a reactant. Preferably, the leactant infeed 
openings are dispased on the oppixsitc sides of the baffle and the reactant inflows 
are directed perpendicularly agaiast the baffle, whereby the gas flow can be spread 
into an essentially planar flow producing a "flattened" flow pattern. The earner 
gas flow and the vapor-phase reactant flow entering from the opposite directions, 
respectively, that are flattened by hitting the baffle are combined prior to taking 
their mixed flow into contact with the substrate. It has been found that the inter- 
mixing of different species by diffusion is extremely efficient between the 
flattened gas flows resulting in excellent uniformity of the gas flow taken to the 
substrate. 

According to an alternative embodiment, the gas volume of the apparatus is 
minimized by designing those gas flow channels which communicate with the 
reaction chamber to have a narrow, oblong cross section in order to minimize Uie 
volume of the reaction space. Hence, the gas flow channels have a "flat" shape 
capable of producing a similar flattened gas flow pattern as in the arrangement of 
the above-described embodiment. 

Typically, the flat gas flow channel according to the invention has a cross section 
with a width (orthogonal lo the flow direction of the gas pulse front) of appiox. 
1-100 times the channel height. Advantageously, the width-to-height ratio is 
approx, 5:1 - 50:1, typically approx. 30:1 - 5:1. 

In both of the above-described embcxlimenls, the reaction chamber enclosing the 
substrate is particulariy advantageously designed to have the chamber walls 
disposed close to the substrate being processed. The inner top wall of the chamber 
is advantageously aligned parallel to the substrate top surface. In fact as noted 
eariier, the inner top wall of the chamber may be formed by another substrate. 
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Minimization of the gas volume in ihc apparatus improves the utilization effi- 
ciency of reactants as a single reaction space can be simultan^usly used for 
growing thin film onto at least two substrates. According to the invention, this 
arrangement can be implemented by placing the substrates in separate reaction 

5 chambers which are stacked vertically or horizontally to provide a reaction 

chamber pack in which the chambers have common gas flow channels in order to 
minimize the total volume of the reaction space; The number of vertically or 
horizontally stacked reaction chambers may be from 2 to 100 and as each of the 
chambers can be used for processing at least two substrates simultaneously, the 

10 total number of thin-film surfaces being processed may be varied in the range of 
2 - 200, for instance. 

According to a particularly advantageous embodiment, the apparatus according to 
the invention comprises vertically or horizontally stacks planar elements, 

15 whereby said elements have recesses/grooves corresponding to the reaction , 

chambers and gas flow channels machined to them and at least a number of said 
elements is mutually identical. The edge areas of the planar elements arc provided 
with round, or alternatively, oblong notches or openings extending through the 
planar clement and forming said gas flow channels of said reaction space when 

20 said planar elements arc slacked vertically or horizontally in order to form a 

reaction chamber pack. The number of the round openings on the reactant inflow 
side is advantageously one per each reactant group, which in practice means two 
openings. The number of oblong openings required on the inflow side is only one. 

25 The center parts of the planar elemcnu; can be provided with areas recessed from 
the plane of the element so that the recesses are connected at their reactant inflow 
and outflow sides, respectively, to said notches or openings. The recessed areas 
form the reaction chamber of the reaction space, or a portion thereof. The flow 
connections between the recessed areas and the gas flow channels act as restric- 

30 lions to the gas flows. The recessed areas of the clement may be made so deep as 
to cxiend through the entire thickness of the planar element leaving the center of 
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the element open. Advantageously, the inner edges of the recessed areas conform 
along at least two opposite sides of the recess to the edges of the substrates, thus 
permitting the location of the substrates in the recesses. When desired, the inner 
edges of the recesses can be provided with brackets serving to support the 
5 substrate. In the latter case the broad walls of the reaction chamber pack are 
formed by substrates placed into the center openings of the planar elements, 
whereby the substrates may be aligned so as to, e.g., have the substrate top sides 
facing each other. 

10 The above-described apparatus construction details make it possible to reduce the 
weight of the reaction space and minimize the number of components in the sys- 
tem. By arranging the reaction space to comprise vertically or horizontally stacked 
reaction spaces, the length of the gas inflow and outflow channels, respectively, 
can be reduced. This is particularly true for the latter case in which the substrates 

15 themselves serve as tlie broad walls of the reaction chambers. 

♦ * ' 

The invehtion provides significant benefits over prior-art ALE reactors. Accord- 
ingly, the pulsing concept of the starting materials based on never having two or 
more different starting material species transported in the system simultaneously 

20 effectively isolates the starting materials from each other thus preventing their pre- 
mature mutual reactions. Should such reactions occur in the gas phase, CVD thin 
film growth would result, whereby the reactor deviates from the operating condi- 
tions of the ALE process and the reactor cannot be called an ALE reactor any 
more. In fact, the CVD thin film growth condition in conventional ALE reactors 

25 often causes the formation of the detrimental microparticle dust/spalling. 

According to the invention, the risk of CVD thin film growth is eliminated 
thereby yielding true surface-amtrolled thin film growth, and thus, excellent ALE 
proc«» qualities; in fact, the apparatus according to the invention realizes the 
30 separate reaction steps characterizing a true ALE pKKCss. 
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The minimized surface areas and volumes also minimize the amount of extra thin 
film growth in the piping, whereby the rate of dast/spall fonnaUon and need for 
cleaning are reduced. The small gas volume with optimized fluid dynamics speeds 
the thiough-flow of gases and improves the purging of gases participating in the 
reactions, which is evidenced as faster process rale and improved thin film quality. 

The evacuation steps and possible complementing step of flushing with an inactive 
gas also contribute to the efficient removal of molecules adsorbed on the inner 
walls of the system and thus l&sscn the tendency of the molecules to react with the 
molecule species of the successive reactant puLse. 

In the following the invention will be examined in greater detail with reference to 
the appended drawings in which 

Figure 1 is a longitudinally sectioned side view of a simplifled structure for the 
reaction chambo^ pack in a first cmbtxliment According to the 'invention, and 
Figure 2 is a longitudinally sectioned side view of a simplified structure for the 
reaction space construction in a second embodiment according to the invention. 

Referring to Fig. 1, the apparatus construction shown therein comprises a reaction 
space, or a reaction chamber pack 1, as.scmbled from mutually identical, stacked 
planar elements 10, in which pack the gas flow channels 7, 4 and reaction 
chambers 13 are formed by openings and notches made to the planar elements. 
The apparatus is shown to incorporate four reaction chambers 13 having placed 
therein eight substrates 12 onto which thin films are grown uising the ALE 
process. Reference numeral 3 denotes the connection of the reaction chamber pack 
to a pipe communicating with the inlet of a pump. The connection communicates 
with the outflow channel 4 of vapor-phase reaction products and excess reactants, 
whereby the outflow channel acts as collecting manifold for the outflows firom the 
reaction chambers. Correspondingly, reference numeral 2 denotes the inflow 
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opening for vapor-phase reactanis, whereby said inflow opening further 
communicates with the reactani inflow channel 7. 

The planar elements arc provided with an encircling suction groove 5 for collect- 
ing any gas lealcs. The suction groove communicates with the outflow channel 4. 
The purpose of the suction groove is to avoid the access of external contamination 
into the reaction space and to prevent rcactants from leaking outside the reaction 
space. Thence, the groove acts as an isolating gas seal for the reaction space. 

When stacking the planar elements, between each two superimposed elements is 
placed an intermediate plate 6 soiled for conirolling the restriction of the gas flow 
by .setting the cross section of the inlet slit 8 from the inflow channel 7 into the 
reaction chamber 13 and the cross section of the outlet slit, that is, gas flow 
restriction, from the reaction chamber to the outflow channel 4. 

The upper half of the uppermost reaction chamber acts as the top plate 9 bf the 
reaction chamber pack, and correspondingly, the lower half of the lowermost 
reaction chamber acts as the bottom plate 11, which is mounted onto a support 
base 17. Between said lop plate and bottom plate are stacked three mutually 
identical planar clcmenLs 10. Each planar element forms fiistly in combination 
with the substrate 13 the wall bciwccn two adjacently slacked reaction chambers, 
and secondly, in combination with the intermediate plates 6 and other auxiliaiy 
plates, forms the inflow and outflow channels 7. 4. The number of the planar 
elemenls may be varied in the range 0 - 100 pes. 

The inflow/outflow channels 7, 4 and the reaction chambers ai« shaped to have 
longitudinally a narrow, oblong cro.ss section to facilitate a "flattened" gas flow 
and minimize the volume of the reaction space. 

In the embodiment illu.stratod in Fig. 1. the vapor-phase reactant pulses of 
different reactant groups arc fed alternately into the inflow channel 7. Prior to the 
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feed, the gas inflow pulses arc homogenized with an inactive gas flow in the 
inflow channel 7 or before. In the inflow channel, shown longitudinally sectioned 
in the diagram, the vapor-phase rcaciant pulse travels flattened into a planar shape 
which proceeds along the channel with a defined leading front The flow front has 
5 a width equal to the that of the substrate, which is approx- 10 - 30 cm, for 
instance, while the thickness of the front is approx. 1 - 3 cm. 

The flow travelling in the inflow channel is distributed evenly between the in- 
parallel stacked reaction chambers 13 by dimensioning the reaction space with its 

10 gas flow restrictions so that the flow conductance of the inflow channel 7 is much 
higher than the flow conductance via the reaction chambers 13. The flow path 
through each reaction chamber must have a conductance which is equivalent 
(equal) to that of the gas paths via the other chambers. Then the pressure and flow 
rate is balanced between the individual reaction chambers, and thence, the thin 

15 film growth rate is also equal in the separate chambers; Inside the reaction 

chamber 13, the flow pattern is equalized by virtue of the narrow suction slit 14 
formed to the outflow end of the rcaciion chamber. The suction slit may be 
formed by either a single, contiguous slit or a plurality of small, parallel slits 
which in the exit direction of the flow is/are preceded by the large-volume 

20 reaction chamber 13 having a larger relative flow conductance than that of the 
slil(s). Then, the gas flow tends to exit via the slit(s) in an equally distributed 
pattern. In the reaction chamber 13 this is manifested as an equalized cross- 
directional pressure gradient of the leading edge of the propagating gas pulse 
meaning an equalized propagating gas front. In tests (with reduced reactant 

25 dosing) the gas front has been found to have an extremely straight contour. 

Easuring the equalized cross-directional outflow pattern of gas front is extremely 

important, because the gas molecules tend to travel toward the direction of lowest 

I 

pressure (most effective suction), whereby the straight gas front will be distorted if 
30 subjected to a nonhomogeneous suction. Moreover, a homogeneous suction effect 
will rectify a gas front distorted due to other possible reasons. 
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After the exit of the vapor-phasc tcaclanis from the reaction chamber and 
particularly the reaction space, their possible mixing how complete whatsoevei* 
will not cause harm to the thin illm being grown. 

* 

5 Referring to Fig. 2, an embodiment slightly different from that described above is 
shown. The legend of reference numerals in the diagram is as follows: 

2h Reaction chamber pack 

22. Inflow duct opening for starting materials of group A 
10 23. Inflow duel opening for starting materials of group B 

24. Q)nncction for pipe aimmunicating with suction inlet of pump 

25. Collecting outflow channel lor outflow slits from in-parallel stacked reaction 
chambers 

26. Suction groove encircling the planar element for collection of possible gas 
15 leaks, whereby the suction groove cpmmunicates with the collecting outflow 

channel. • 

27. Intermediate plate serving tor seuing of outflow slit height, that is, gas flow 
restriction. In addition to its function as setting the outflow restriction, the 
intermediate plate forms a baffle separating the different starting material groups 

20 at the inflow side. 

28. Inflow channel for starting materials of grx)up B 

29. Inflow channel for starting materials of group A 

30. Inflow channel serving for the distribution of the starting material flows to the 
paralleled reaction chambers 

25 31. Top plate and one half of the uppermast reaction chamber 

32. 0-100 pes. identical planar elements. Each planar element in combination with 
the subsu-ate forms the separating wall between two superimposed reaction 
chambers as well as the inflow and outflow channels in combination with the 
intermediate plates and the other auxiliary plates. 

30 33. Bottom plate and one half of ihc lowermost reaction chamber 
34. Uppermost plate of support base 
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35. Middle plate of support base 

36. Lowennost plate of support base 

37. Substrates 

38. Reaction chamber ' 

5 39. Restriction for gas flow leaving the .substrate. 

The embodiment shown in Fig. 2 is ased in the same fashion as that illustrated in 
Fig. 1. However, this construction differs from first embodiment in that the 
starting materials of different rcactanl groups arc taken along their own inflow 

10 channels up to the inflow .slits of the reaction chambers. Hence, the reaction 

chamber pack is asjjcmblcd onto such a support base plate set 34 - 36 which after 
their stacking provide individual How ducts 22, 23 for the reactants of the 
different starting material groups. Similarly, the reactants travel in their individual 
inflow channels 28, 29 at the side of the, reaction chamber pack. 

15 . 

The ga.scs arc fed from the inflow channels 28, 29 separated by the baffles 27 
formed by the intermediate plates, whereby the height of the reaction chamber is 
dimensioned so that diffusion performs efficient intermixing of the flows entering 
from the different channels. While diffusion is a too slow mixing method to be 

20 used in the width direction of the flattened gas flow pattern, it performs well in 
the height direction. Thus, when the reactant is fed from one inflow channel 28» 
for instance, the inactive gas is fed from the other channel 29. When impinging on 
the baffles, the reactant and inactive gas flows, respeaively, are flattened 
a.ssuming a planar flow pattern, whereby they are homogenized during Uicir 

25 intermixing in the inflow slit of the reaction chamber. 

The inflow ducts 22, 23 and the inflow channels 28, 29 may have a circular cn)ss 
section, for instance, and the reactant gas flows are spread into a fanned and 
flattened shape only at the baffles. 



30 
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Analogously with the first embodiment, securing the equalized cross-directional 
outflow pattern of the gas front is extremely important 

Still referring to Fig. 2, it must be noted that the pasitions of the inflow channels 
28 and 29 are slightly displaced for clarity. In a practical embodiment, these 
inflow channels are arranged in parallel, that is, adjacent in the lateral direction, 
whereby their infecd openings into the reaction chamber will be located at the 
same distance from the substrate. 

Example 

I 

The following example describes the design principles for the pump of the 
apparatus shown in Fig. 1 and the interval between the successive vapor-phase 
reactant pulses, respectively, that make the apparatus perform in accordance with 
the invention: ' 

Subsiratd size 300 x 300 mm^ 

Number of substrates 10 pes. 

Number of reaction chambers 5 pes. 

Spacing between substrates 4 mm 

Total volume of reaction chambers 5 x 300 x 300 x 4 mm^ = 18,000 cm^ 

DimcnsionsA^olume of inflow channels 300 x 10 x 100 mm = 300 cm^ 
Dimensions/volume of outflow channels 300 x 10 x 100 mm = 300 cm^ 

Total volume 18,600 cm^ or appmx. 19 1. 

The pump capacity is selected as 360 m^^, or 360 x 1000/3600 (1/s) = 100 l/s 
Hence, the above-calculated total gas volume can be evacuated with a pump so 
dimensioned in approx. 0.2 s. 
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A pump with the above-ialculatcd capacity requires a pumping line with an inner 
diameter of 76 mm, having a volume per length unit of jc x 0.38 x 0.38 x 10 dm 
s= 4.07 1/min, which means that if the length of the pumping line from the reaction 
chamber pack to the otillci connection of the apparatus is 1 m, for instance, its 
5 evacuation takes an extra time of 0.04 s. 

Accordingly, the interval between the reaclant pulses in the above example is 
selected as approx. 0.25 s, which is a sufficient time for one-time evacuation of 
the entire gas volume of the apparatus during the interval between two successive 
10 rcactant pulses. By extending the interval between the pulses to 1 s, for instance, 
the total gas volume can be evacuated appnix. 4 times. Here, an inactive gas may 
advantageously be introduced to the reaction space during the evacuation. 
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Claims: 

t 

1. A method for growing a ibin film onto a substrate, in which method a 
substrate placed in a reaction space (1; 21) is subjected to alternately repeated 

5 surface reactions of at least two vapor-phase reactants for the purpose of forming 
a thin film, said method comprising 

- feeding said reactants in the form of vapor-phase pulses repeatedly and 
alternately, each reactant separately from its own source, into said 
reaction space (1; 21), and 

10 - bringing said vapor-phasc reactants U) react with the surface of the 

substrate for the purpose of forming a solid-state thin film compound on 
said substrate, 
characterizedin that 

- the gas volume of said reaction space is evacuated essentially totally 
15 between two successive vapor-phase reactant ptilses. 

2. A method as defmed in claim 1, characterized in that said gas 
volume of said reaction space (1; 21) is evacuated at least twice, advantageously 
at least 3 - 10 times during the interval between said vapor-phase reactant pulses. 

20 

3. A method as defined in claim 1 or 2, characterized in that said gas 
volume of said reaction space (1; 21) is evacuated so that the residual components 
of the preceding vapor-phasc reactant pulse remaining in the reaction space are at 
a level of less than 1 %, advantageously less than 1 %o, prior to the inflow of the 

25 successive vapor-phase pulse. 

4. A method as defined in any of foregoing claims 1-3, characterized 
in that an inactive gas is fed into said reaction space (1; 21) simultaneously as the 
reaction space is being evacuated from the residues of the latest vapor-phase 

30 reactant pulse. 
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5. A method as defined in claim 4, characlcrizcd in that to said 
reaction space is connected a pump (3; 24) having a volumetric capacity which 
during the interval between two successive vapor-phase reactant pulses is appre- 
ciably greater than the gas volume of the reaction space. 

5 

6. A method as defined in any foregoing claim, characterized in that 
each reactant Is fed into said reaction space via a separate inflow path (22, 29; 23, 
28) in Older to minimize the gas volume to be evacuated from the reaction space. 

10 7. A method as defined in any foregoing claim, characterized in that 
each vapor-ph&sc reactant pulse is mixed with said inactive gas flow prior to its 
entry into said reaction space. 

8. A method as defined in claim 1, in which method a reaction space is employed 
15 comprising a reaction chamber (13; 38) into which said substrate can be plated 

and further comprising gas flow channels (7, 8, 14 and 4; 22, 23, 28, 29, 25 and 
24) communicating with said reaction chamber, said gas flow channels being 
suited for the inflow of said vapor-phase reactant pulses into said reaction 
chamber and, correspondingly, for the outflow of the nonreacted components of 
20 said reactant pulses from said reaction chamber, characterized in that at 
least a portion of said gas flow channels arc provided with a narrow, oblong cross 
section in order to minimize the volume of said reaction space. 

9. A method as defined in claim 1 or 8, in which method a reaction space is 

25 employed comprising a reaction chamber (13; 38) into which said substrate can be 
placed and further comprising gas flow channels (7, 8, 14 and 4; 22, 23, 28, 29, 
25 and 24) communicating with said reaction chamber, said gas flow channels 
being suited for the inflow of said vapor-phase reactant pulses into said reaction 
chamber and, correspondingly, for the outflow of the nonreacted components of 

30 said reactant pulses from said reaction chamber, characterizedin that 
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said reaction chamber (13; 38) is pmvided with a narrow, oblong cross section in 
order to minimize the volume of said reaction space. 

10. A method as dcfmed in claim 9, characterized in that said vapor- 
phase rcactant pulses arc fed via gas Jlow channels (7, 8, 14 and 4; 22, 23, 28, 29, 
25 and 24) having a narrow, oblong cross section in order to form at least 
essentially planar pulses of vapor-phase reactant and to improve the intermixing of 
the vapor-phase reactant flow with a carrier gas flow. 

11. A method as defined in claim 9, characterizedin that said vapor- 
phasc pulses of each reactant group arc fed yia their individual inflow channels 
(22, 29; 23, 28) directly into the reaction chamber, wherein the vapor-phase pulse 
is allowed to intermix with a carrier gas flow prior to bringing the reactant into 
contact with the substrate. 

12. A method as defined in claim 1, characterized in that said vapor- 

I' • ' , ' 

phase rcactanl pulses arc fed in an at least essentially laminar flow into said 

reaction chamber. 

13. An apparatus for growing thin films onto a substrate by subjecting the 
substrate to alternately repeated surface reactions of vapor-phase reactants for the 
purpose of forming a solid-state thin film on the substrate, said apparatus 
comprising 

- a reaction space (13; 38) into which the substrate can be placed, 

- inflow channels (7; 22, 29, 23, 38) communicating with said reaction 
space, said channels being suited for feeding the reactants employed in a 
thin-film growth process in the form of vapor-phase pulses into said 
reaction space, and 

I - reactant outflow channels (4; 25) communicating with said reaction space, 
.said channels being suited for the outflow of reaction products and excess 
amounts of reactants from said reaction space. 
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characterized in that 

. the outflow channels (4; 25) arc provided with a conhection (3; 24) to a 
pump capable of evacuating said reaction space to a vacuum and said 
pump having a volumetric capacity which during the interval between two 
5 successive vapor*phase rcactant pulses is greater than the gas volume of 

the reaction space. 

14. An apparatus as defined in claim 13, c h a r a c t e r i z e d in that said 
pump has a volumetric capacity which during the inters^al between two successive 

10 vapor-phase reactant pulses is capable of evacuating at least twice the gas volume 
of the reaction space. 

15. An apparatus as defined in claim 13 or 14, said apparatus comprising a 
reaction chamber (13; 38) into which the, substrate can be placed and further 

15 comprising gas flow channels (7, 8, 14 and 4; 22, 23, 28, 29, 25 and 24) • 

communicating with said rcaclion chamber, said gas flow channels being suited 
for the inflow of said vapor-phasc reactant pulses into said reaction chamber and, 
correspondingly, for the outflow of the reaction products of said thin-film growth 
process and the excess amounts of said reactant pulses from said reaction 

20 chamber, characterized in that at least a portion of said gas flow 

channels are provided with a narrow, oblong cross section in order to minimize 
the volume of said reaction space. 

16. An apparatus as defined in claim 15, characterized in that said 

25 reaction chamber (13; 38) is provided with a narrow, oblong cross section in order 
to minimize the volume of said reaction space. 



wo 96/17107 



PCT/F19S/006S8 




SUBSTITUTE SHEET (RULE 26) 



wo 96/17107 



I 



PCT/FI9SW0658 



2/2 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/FI 95/00658 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: C23C 16/44. C23C 16/00. C3bB 25/02 

According to Iniernaiionai Patent ClaniTication (IPC) or to both ni 



I nitioiud cimificatioci and IPC 



B. FIELDS SEARCHED 



Minimum documeniaibn searched (dasrificatton tyiiem followed by claalfieation lymbols) 

IPC6: C23C. C30B 



Dccufnentation icarched other than minimum documentation to the extent that such documentt are inchided in the llelde searched 

SE»a(,FI,NO classes as above 



Electronic dau base consulted during the International search (name of dau base and, where practicable, search terms used) 



MPI 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category^ 



Citation of document, with indication, where appropriate, of the rdevanl passages 



Relevant to claim No. 



US 4993357 A (CHRISTOPH SCHOLZ)» 19 February 1991 
(19.02.91), column 2, line 9 - line 19; column 3, 
line 3 - line 61; column 6, line 25 * line 35, 
column 7, line 6 - line 9 

figure 2 



US 4058430 A (TUOMO SUNTOLA ET AL), 

15 November 1977 (15.11.77), column 4, 

line 34 - line 42; column 5, line 47 - column 6, 

line 8, figures 6,7, abstract 



EP 0015390 Al (OY LOHJA AB) , 17 Sept 1980 

(17.09.80), page 6, line 5 - page 9, line 31, 
figures 4,7,11, abstract 



1-5,13,14 



6-12,15,16 



1-3,6.8. 
13-15 



6-12,15,16 



|)( I Further documents are listed in the contintiation of Box C. | x| See patent family annex. 



• SpeeUI categories or died ( 

'A' docuDcm defbung the fenenl naie of tlie art wliiGli is not coQ^^ 

to be of partioilar relcvaiice 
'B* criier dnngncnt but piiMi<hrrt on or after tbe iateroaiiaaal Aling date 

'L' doaiDifPt nvtaicfa may throw doubn on priority claUii(t) or wbich is 
dted to establish the pnfaltcatioD date of aooiher diaiioo or other 
special reason (as spnifled) 

'O' doaimcat refannt to «n oral disdosiirBi use» cxiubition or other 



'P^ document puUisfaed prior to the interoniooal lUing date but later i 
the priority dale claimed 



T* later dnamifnt pobUshed after the imematiaiial filing dale or priority 
date and not in conflict with the appticatiOD but dted to undentaod 
the pcindple or theory underiying the invention 

'X* doaiment of particular relevance: the daimed invcntioa caoaot be 
considered novd or cannot lie considned to involve an inventive 
Hep wim dte document is tdcen Mone 

'Y' rtommmr of pardoilar idevanoe: the daimed inveoHon cannot be 
ccosidered Id involve an inventive step when the document is 
combined with one or more other such documents, such combinatioD 
being obvious to a person skilled in the art 

document member of the tame patent fimily 



Date of the actual completion of the international gearch 



26 April 1996 



Date of mailing of the International search report 



29 -04- 1996 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055. S-102 42 STOCKHOLM 
Facsimile No. +46 8 666 02 86 



Authorized oflioer 

Ingrid Grundfelt 
Tdephone No. ■I-46 8 782 2S 00 



Form PCT;iSA/2tO (second ihset) (July 1993) 



2 



INTERNATIONAL SEARCH REPORT International application No. 

PCT/FI 95/00658 


C (ContinuaUon). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Otalion of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No.. 


Y 


. i 

EP 0559326 Al (PIONEER ELECTRONIC CORPORATION ET 
AL), 8 Sept 1993 (08.09.93), column 4, 
line 35 - line 39. figure 1 


8-12,15,16 



Form PCryiSA/aiO (continustion of ceoond chetl) (July 1992) 



INTERNATIONAL SEARCH REPORT 
Infonnation on patent family memben 


01/04/96 


Intematic 

PCT/FI 


tfial application No. 
95/00658 


» PaiMit doGumBm 
ciicd in catr^ ntport 


PubHcaUon 
date 


Pitent family 
nMmbcr(i) 


Publtcation 
data 



US-A- 4993357 19/02/91 DE-A.C- 3743938 13/07/89 

OE-D- 3886023 00/00/00 

EP-A,A,A 0321909 28/06/89 

JP-A- 1264993 23/10/89 





15/11/77 


AU-B- 


505960 


06/12/79 




AU-A- 


8666275 


26/05/77 






BE-A,A- 


835906 


16/03/76 






CA-A- 


1066174 


13/11/79 






CH-A- 


618469 


31/07/80 






DE-A,B,B 


2553048 


10/06/76 






FR-A,B- 


2292517 


25/06/76 






6B-A- 


1495987 


21/12/77 






JP-C- 


1147355 


26/05/83 






JP-A- , 


51077589 


05/07/76 






JP-B- 


57035158 


27/07/82 






NL-A- 


7513284 


01/06/76 






SE-B,C- 


,393967 


31/05/77 










12/06/78 






SE-A- 


7513336 


31/05/76 


EP-Al- 0015390 


17/09/80 


SE-T3- 


0015390 








AU-B,B- 


535151 


08/03/84 




1 


AU-A- 


5578680 


04/09/80 






CA-A- 


1166937 


08/05/84 






JP-C- 


1299997 


31/01/86 






JP-A- 


55130896 


,11/10/80 






JP-B- 


^0021955 


30/05/85 






SU-A,A- 


1085510 


07/04/84 






US-A- 


4413022 


01/11/83 


EP-Al- 0559326 


08/09/93 


JP-A- 


6216030 


05/08/94 






US-A- 


5370738, 


06/12/94 



I 



Fom PCT/ISA/2tO (patent famUy annex) (July 1992) 



